Metabolic studies of postischemic acute renal failure in the rat.
Postischemic acute renal failure was induced by 1 hr of clamping of the renal vasculature. Adenine nucleotide (ATP, ADP, AMP) and lactate (Lac) levels were measured after 0, 0.25, 1, 6, 24, and 48 hr of reflow to determine the time necessary for recovery to control levels. After 1 hr of ischemia with no reflow, [ATP] was 18% and [Lac] was 10-fold control levels. Control levels were restored after 24 hr of reflow. Variable ischemic times (5, 15, 30, 60, 90, and 120 min) followed by (1) no reflow or (2) 24 hr of reflow were also studied. [ATP] decreased to 25 and 13% of controls after 5 and 120 min of ischemia, respectively, and [Lac] increased to 5- and 13-fold controls after 5 and 120 min. Five to ninety minutes of ischemia followed by 24 hr of reflow resulted in a trend toward restoration of ATP and Lac levels; whereas, 120 min of ischemia followed by 24 hr of reflow resulted in death. The results indicate that: (1) In vivo ischemia results in a drastic and rapid shift in the ATP-ADP-AMP equilibrium; (2) the absolute concentration of ATP is not a reliable criterion of cell viability, but the ability to resynthesize ATP may be determinant in the reversibility of the lesion; (3) 1 hr of ischemia is reversible with respect to restoration of [ATP] and [Lac], but 24 hr of reflow are needed for restoration; and (4) ischemia for 90 min results in a metabolic derangement which is partially reversible in that metabolite levels are partially restored after 24 hr of reflow. However, 90 min of vascular clamping is not functionally reversible since the majority of animals exhibit severe azotemia and do not survive.